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Abstract 

Using the prescription of [1] for defining period integrals in the 
Landau-Ginsburg theory for compact Calabi-Yau's, we obtain the 
Picard-Fuchs equation and the Meijer basis of solutions for the com- 
pact Calabi-Yau (713(3,243) expressed as a degree-24 Fermat hyper- 
surface after resolution of the orbifold singularities. This is similar in 
spirit to the method of obtaining Meijer basis of solutions in [2] for 
the case wherein one is away from the orbifold singularities, and one 
is considering the large-base limit of the Calabi-Yau. The importance 
of the method lies in the ease with which one can consider the large 
and small complex structure limits, as well as the ability to get the 
"In" -terms in the periods without having to parametrically differen- 
tiate infinite series. We consider in detail the evaluation of the mon- 
odromy matrix in the large and small complex structure limits. We 
also consider the action of the freely acting antiholomorphic involu- 
tion of [3, 2] on D = 11 supergravity compactified on Cl3(3, 243) x 
[4] and obtain the Kahler potential for the same in the limit of large 
volume of the Calabi-Yau. As a by-product, we also give a conjecture 
for the action of the orientation-reversing antiholomorphic involution 
on the periods, given its action on the cohomology, using a canonical 
(co)homology basis. Finally, we also consider showing a null super- 
potential on the orientifold of type IIA on Cl3(3, 243), having taken 
care of the orbifold singularities, thereby completing the argument 
initiated in [2]. 



^Address from Jan 3, 2004: Indian Institute of Technology, Roorkee, India 
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1 Introduction 



The periods are the building blocks, e.g., for getting the prepotential (and 
hence the Kahler potential and the Yukawa coupling) in A/" = 2 type // 
theories compactified on a Calabi-Yau, and the superpotential for A/" = 1 type 
II compactifications in the rpesence of (RR) fluxes. It is in this regard that 
the Picard-Puchs equation satisfied by the periods, become quite important. 
Also, traversing non-trivial loops in the complex structure moduli space of 
type IIB on a Calabi-Yau mirror to the one on the type II A side, corresponds 
to shifting of the Kahler moduli in the Kahler moduli space on the type II A 
side. This results in mixing of flux numbers corresponding to RR fluxes on 
the type II A side, implying thereby that dimensions of cycles on the type 
II A side, loose their meaning. The mixing matrix for the flux numbers is 
given by the monodromy matrix. The mixing matrix for the flux numbers 
if given by the monodromy matrix. It hence becomes important to evaluate 
the same. Non-compact Calabi-Yau's have typically been the ones that have 
been extensively studied in this context as well as topological strings with 
the same as target spaces. Compact Calabi-Yau's, in addition to the quintic, 
thus become quite important to be studied. Additionally, mirror symmetry 
becomes quite indispensible when working with compact Calabi-Yau's with 
large value of /i^'^ and small /i^'^. One such compact Calabi-Yau that we 
wiU study is (7^3(3,243), i.e., one for which h}^^ = 3, and /i^'^ = 243. This 
compact Calabi-Yau plays a central role in A/" = 2, 1 type //A/Heterotic dual 
paris in four dimensions in [5, 6]. 

In [2], we addressed the issue of deriving the Picard-Fuchs equation on the 
mirror Landau-Ginsburg side corresponding to the gauged linear sigma model 
for a compact Calabi-Yau CY^{?,, 243), expressed as a degree-24 Permat hy- 
persurface in a suitableweighted complex projective space, but staying away 
from the orbifold singularities by taking the large-base limit of the compact 
Calabi-Yau. Even though, one ended up with more than the required number 
of solutions, but the essential idea that was highlighted was the ease with 
which, both the large and small complex structure limits could be addressed, 
and the fact that the nonanalytic /n-terms in the periods, could be easily 
obtained without having to resort to parametric differentiations of inflnite 
series. In this paper, we address the problem of getting the right number 
of the right kind of solutions on the mirror Landau-Ginsburg side, but this 
time after having resolved the orbifold singularities. We also address the 
problems of showing that unoriented instantons do not generate a superpo- 
tential on the type II A side in the A/" = 1 Heterotic/type II A dual pair of 
[5] , whose M and F theory uplifts were discussed in [3] . It was shown in [2] , 
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using mirror symmetry, that as expected from the Heterotic and F theory 
duals, there is indeed no superpotential generated from RP^-instantons in 

the type HA side in the large-base limit of CY-i{3, 243), away from the afore- 
mentioned orbifold singularities of the relevant Fermat hypersurface. In this 
paper, we show that the same remains true even after the resolution of the 
orbifold singularities. Further, we discuss the supergravity uplift of the type 
II A orientifold that figures in the abovementioned M — 1 Heterotic/type 
II A dual pair, to D = 11 supergravity. We evaluate the Kahler potential 
in the large volume limit of Cl3(3,243). As an interesting aside, we give a 
conjecture about the action of the antiholomorphic involution that figures 
in the definition of the type II A orientifold, on the periods, given its action 
on the cohomology of (713(3,243), using a canonical (co)homology basis to 
expand the holomorphic 3-form. We verify the conjecture for and (partly) 
for the mirror to the quintic. 

The plan of the paper is the following. In section 2, after a brief dis- 
cussion of the orbifold singularities' resolution corresponding to the Format 
hypersurface, we define the period integral as per the prescription of Hori 
and Vafa, for a compact Calabi-Yau. We then obtain the degree-8 Picard- 
Fuchs satisfied by the period integral, and then discuss the guiding principle 
in obtaining the right number of the right kind of solutions, and obtain a 
set of solutions to the equation, and evaluate the relevant contour integrals. 
We also discuss the evaluation of the monodromy matrix in the large and 
small complex structure limits. In section 3, we then discuss showing that 
there is no superpotential generated (by the only possible source - unoriented 
instantons) for type II A on an orientifold of (713(3,243), a/ter resolution of 
the aforementioned orbifold singularities, thereby strengthening the conjec- 
tured M — 1 triality in [3]. In section 4, we discuss the D — 11 supergravity 
uplift of the aforementioned type II A orientifold on a 'barely' G2 manifold 
[3] , and also evaluate the Kahler potential in the limit of the large volume of 
the Calabi-Yau. Finally, in section 5, we discuss a conjecture related to the 
action of antiholomorphic involution on the periods of Cl3(3, 243), given its 
action on its cohomology, using a canonical (co)homology basis. Section 6 
has the conclusions and discussion. There is one appendix on the evaluation 
of the monodromy matrix. 
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2 Landau-Ginsburg PF equation for type II A 

on CYs{3, 243) 

By following the alternative formulation of Hori and Vafa [1] for deriving 
the Picard-Fuchs equation for a definition of period integral in the mirror 
Landau-Ginsburg model, we obtain solutions valid in the large and small 
complex structure limits, and get the In terms as naturally as the analytic 
terms (i.e. without using parametric differentiation of infinite series). We 
also study in detail, the monodromy matrix in the large and small complex 
structure limits. 

Consider the Calabi-Yau 3-fold given as a degree-24 Fermat hypersurface 
in the weighted projective space WCP'^[1, 1, 2, 8, 12]: 

P^zl' + zl' + zl^ + zl + zl = 0. (1) 

It has a Z2-singularity curve and a Z4-singularity point. Z2 and Z4 singularity 
resolution <-> The two new chiral superfields needed to be introduced as a con- 
sequence of singularity resolution, correspond to the two CP^'s that required 
to be introduced in blowing up the singularities. One then has to consider 
three instead of a single C* action, and the 03(3, 243) ^ can be expressed as 
a suitable holomorphic quotient corresponding to a smooth toric variety. To 
be more specific, one considers the resolved Calabi-Yau Cl3(3, 243) as the 
holomorphic quotient: |hyp constraint, where the diagonal {C*Y actions on 
the seven coordinates of are given by: 

~ X'^^x^ , no sum over j; a = 1, 2, 3, (2) 

where the three sets of charges {Qil^ty^'\ 7} (the "0" being for the extra 
chiral superfield with g° = - EJ=i Qti^]) 

are give by the following: 



vvvvvvvv 

<a,Q A-i A.2 <^-3 <^4 ^"J 



Qf' : 





1 


1 


-2 











: 











1 1 








-2 


: 


-6 











2 


3 


1 



where on noting: 

q{i) + 2Q(2) + 4Q(^) = -24 1 1 2 8 12 , (4) 

^The Cl3(3, 243) considered in this paper will be an elliptic fibration over the Hirze- 
bruch surface F2. 
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one identifies X^j as the two extra chiral superfields introduced as a conse- 
quence of singularity resolution. 

The Landau- Ginsburg Period for the resolved CY^^S, 243), as per the pre- 
scription of Hori and Vafa, is given by: 

i=0 a=l a=l 
a=l '^'■(a) i=0 a=l i=l 

= E^i«^n(ti,2,3); (5) 

a=l (^{a) 

daa = charge matrix, a indexes the number of hypersurfaces and a indexes 
the number of C/(l)'s. For (7^3(3,243), a = 1, a = 1,2,3 with dn = di2 = 
0, di3 = 6. 
Consider: 

1=0 a=l i=l 

One can show that: 

n(ti,2,3,{M) = n(t;,2,3,{/^. = i}), (7) 

where 

t[ = ti + ln{iil/iiiii2), t2^t2 + ln{f4/ii3ii4), t'^^h + ln{iil/ii'jiiliil). (8) 
Eliminating Iq^sj gives a order-24 Picard-Fuchs equation: 

which is the same as the PF equation for the unresolved hypersurface away 
from the orbifold singularities. This overcounts the number of solu- 
tions. 

The right number of solutions must be 2/?,^'^ (Mirror) 2 = 2.3-^2 = 8. To 
get this number, one notes that by adding the three constraints: 

Yi + Y2- 2F3 = h- Fa + n - 2F7 = -6^0 + 2^ + 3^ + >7 = ^3, (10) 
one gets: 

-6^0 - Fa - ^7 + ^1 + ^2 + I4 + + 3^6 = ^1 + ^2 + ^3, (H) 
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which allows one to write the following order-8 PF equation: 

-— ^^-^n(fi,2,3) = e-(*i+*^+*^)-^|^n(ii,2,3). (12) 

If ©i = then one gets: 

e»?e>2 n n (-^e>3 -k)- e-«+*'^+*3)(2e2 - e3)(2ei - q^) 11(603 - j) 

1=2 k=Q j=0 

with z = e~^*'i+*2+*3); = A^, and rescaling : 

dz 

A^(A, - i)A,(A, - i)(A, -l) + z n(A, + |)A^ 



n 



n = o. 



/012345qq\ 

One solution to the above equation is: g-^V ( iii'i'i^i J 

For e~*' = = + 2t2 + 4^3 and suitable rescaling of z, the relevant 
order-24 PF equation for the unresolved hypersurface is: 

A^A.(A.-i) n(A.-^) n(A.-^)n = . n(A. + ^)n. (14) 

j=l j=l j=l 

One solution can be written in terms of the following generalized hypergeo- 
metric function 

/rjj__2__3_ 4_ _5_ 23\ 

o.Foo ( 24 24 24 24 24 •••• 24 1 (TK^ 

24-t*23 111 15 _2J_ _10)" V / 

\ 2 8 ■■■ 8 12 ■■■ 12 / 



From the above solution, Meijer basis obtained using properties of pFq 
and the Meijer function I: 



/ ai a2 aa .... ap 
" ' [ Pi P2 /33 .... f3n 






ai. 


..Otp 




Pi. 


■A , 



I 
I 



ai. 


..aA 


hi. 


..bs 


Ci. 


..Cc 




■ ■do 






(lA 




Ci. 


■(1- 


bj). 


■Cc 



hi.. h J... hi 
di...dD 



ai...(l — (li)...(iA 


hi... his 


Cl-.-Cc 


dx-.-di-.-do _ 



{—z) where 



(16) 
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satisfy the same equation. 

Now, z = e~^*'i+*2+*3) — Q-{ti+t2+t3) ^iM2^4M5^g _ Hence, one can solve for large 

(= \z\ « 1) and small complex structure (= \z\ » 1) limits, as well as 
large-size- Calabi-Yau limit(= ^ oc <^=^ \z\ << 1) on the mirror Landau- 
Ginsburg side with equal ease using Mellin-Barnes integral represention for 
the Meijer's function /, as in [8] and in (17) below. 

Now, to get an infinite series expansion in 2; for < 1 as well as \z\ > 1, 
one uses the following 



ai. 


■a A 


61. ..6b 


Ci. 


■cc 


di...dz) 



^^ (17) 



where the contour 7 lies to the right of:s -|- bj — —m G Z U {0} and to the 
left of: ai - s = -m e Z" U {0}. 



Figure 1: The contour 7 for 7: The poles s — ai + m are denoted by # and 
the poles s — —m — bj are denoted by x 

This, \z\ « 1 and \z\ » 1 can be dealt with equal ease by suitable 
deformations of the contour 7 (see Fig. 1) to 7' and 7" respectively (See Fig. 
2). Additionally, instead of performing parametric differentiation of infinite 
series to get the Zn-terms, one get the same (for the large complex structure 
limit: \z\ < 1) by evaluation of the residue at s = in the Mellin-Barnes 
contour integral in (17) as is done explicitly to evaluate the eight integrals 
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Figure 2: The deformed contour 7' valid for < 1, and 7" valid for >> 1 
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in (19). 3 

The guiding principle is that of the eight solutions to 11, one should gener- 
ate solutions in which one gets {Inz)^ , P = 1, ...,4 so that one gets {lnz)^~^ 
for n, and one can then identify terms independent of Inz with three 
(Inz) terms with Z^'^'^, three (Inz)^-'^ terms with ^1,2,3 = ^^1^2,3 , and finally 
(Inz)^-^ term with Fq = 



•^From [2], one gets, for the case of large-base Calabi-Yau away from the orbifold sin- 
gularities: 



/ 



0± 23 



1115 



2 J_ 
8 12 • 



10 
12 



n-=ir(m+^)^-(-r+i 



r 23 



i r(m + i) nL-2 r(m + I) n;=_io nm + ^Wm\{m - 1)! 



'-j=l *;=-2 J=10 

+6(1.1 - 1) V V -r(^ + m)(-rn,^^.^ir(y-m) 

'^.U m!(m + ^)r(-m - ^ + 1) nL-2 r(| - ™ - ^) HLio r(i^ - ^ - ^ 



= e(l-|.|)X:(2^)^ri 



245 



-24m 



r(24m)z"(-)'"+i 



m=l 



-*(m)-h244'(24m)-hin 



gi_8[m-i]_iQi-io[m-i] r(m+ i)r(m- ^)r(10m)m2(m- 1)! 
1212.88 



2424 



-h - 1 - ^(i m) - 8*(8[m - i]) - 124'(12[m - ^]) 



X 



1 1 

*(m-F 1) 

e(|z|-i) 

^o,tt + ^)r(-m - ^ + l).(27r)9.85-8['"+*+il.l2^-i2[-+*+flr(8[m + ^ + i])r(12[m + ^ + §]) 



(18) 
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One (non-unique) choice of solutions for Il{z) is given below: 
/ 



dz 



\ 



/ 



11112 1 
2 3 3 



I 



112 



2 3 3 



V 111 



/ i 



1 2 3 4 5 
6 6 6 6 6 



111 / 



1 2 3 4 5 
6 6 6 6 6 



\ 



\-z] 



mil / 



/ i 



1 2 3 4 5 
6 6 6 6 6 



\ 



1 1 i 1 i 







A 1 2 3 4 5 
^ 6 6 6 6 6 



\ 



lulf / 



/OOi 



V 1 1 



/OOi 



1 2 3 4 5 



6 6 6 6 6 



\ 



mil / 



V 11 

/ 



1 2 3 4 5 
6 6 6 6 6 



\ 



V 11 



1112 1 

2 3 3 



1 2 3 4 5 n \ 
6 6 6 6 6 ^ » 



1112 
^^23 



(^) 



Fx 

F2 

Z^ 



(19) 



10 



(a) 



/ 



oiillloox 



6 6 6 6 6 



V 

0{l-\z\) 
1697r^ 



1 1 1 1 2 1 

2 3 3 



= — / 



ds 



[r(. + i)]3r(i + .)r(i + s)r(i + s) 



I 



2(27r)- 



+^-1440C(3)^/n^ 



2233 



+ /n(-^) +402C(4) 



X 



g (-r(r(m + i)2r(-m + |; 



.m=0 



(m + |)3m! 



m=0 

(b) 



(m + |)3m! 



+ E 



(27r)2 22-6"^r(6m) 
'1 m3(m!)233'"r(i + m)r(3m) 



27 + 6^(6m) - 2^(2m) - 3*(m) - 3771^ + In 

-e{\z\-\) 







i-zr 


\ 66 )\ 



(20) 



/ 



112 
2 3 3 



V 111 

= 6(1-1^1 



1 2 3 4 5 
6 6 6 6 6 



111 / 



[r(-.)]2r(| - .)r(| - .)r(| - .) uU + j) , 
[r(i-.)]3[r(i + .)]2 ^ 



18 V ^ 66 

(_)m+i(27r)f6^6[mH-^] r(| - [| + m])r(| - [| + m])r(6[m + |]) 

m!(m+|)2 [r(|-m)pr(i-m)r(m+i) 
(_)m+i(27r)l6i-6["»+|] r(| - [| + m])r(| - [| + m])r(6[m + |]) 



+ E 

m=0 

00 

+ E 

m=0 ..i.-y...' I gy •■"/Jr V3 ' ""/J " V" ' 3; 

^ g (-)-+i(27r)f 6^6[-+|] r(i - [| + m])r(| - [| + m])r(6[m + §]) 



m!(m + |)2 



[r(i-m)][r(| + m)mm+i) 



m=Q m!(m+|)2 

+e(|z|-i) 



[r(|-m)][r(| + m)mm+i) 



X 



r 00 5 

EE 



r(| + m + ^r(i + m + i)r(| + m + 1) Uk^j r(- 



r(l + m + i)[r(l -m 
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(c) 



(21) 



V 11 

1 



1 2 3 4 5 Q \ 
6 6 6 6 6 \ 



2m A [r(i - s)nr{i + s)fr{l + s)ra + sy ' 



e{i-\z\) 



{Inz + In 



3 ' / v 3 
22.33 \ 2 147^2- 



+ E 

rri=0 



m! 



/2^3'^y 

(27r)i.6^^[-+^lr(6[m + i]) 3 
+ i)3[r(| + m)]2.27r.35-=^[-+^lr(3[m+|])^ ^2 >^ 



-Q{\z\-l) 



E 

.m=0 



Tn-\- 1 



r(i + m + |)nM.r(V 



(m+^)3[r(l 



nm|-m-^)m 



m — T 



6 

(22) 



(d) 



/OOi 



1 2 3 4 5 rv \ 
6 6 6 6 6 ^ \ 



V 11 ii|i| / 

2niJ, '[r(i-s)]2[r(i + .)pr(i + .)r(| + 
, ,J /16 2r/, r2^-3^i , TT V 



+ E 



(-) 



ni+l 



m=0 



ml 



(m + 



+ Inz + ) + Stt 
\/3/ 

(27r)t.6^-'^[i+'"lr(6[| + m]) 
i)3r(i + rami + m)ml + m)r(f + m) _ 

i-r^' r(i + m + i)nL.r(^- 



-en.i - 1) f f (-r^^ r(| + m + |)nE^,r(V-m) 

^' ' ^io.tt rn\ (| + m)3[r(l-|-m)]2r(i-|-m)r(i-|-m) 



(23) 



(e) 



12 



/oof 



1 2 3 4 5 n \ 
6 6 6 6 6 ^ \ 



ds 



1 1 i 1 1 ^ 



V 1 1 

I [r(i - s)mi + swra + sni + s) 



-0(i-kl) 



-.TT 



/n 



2 Q3n 



2^.3 



+ E 



66 

(27r)t.6^-6[f+"^]r(6[| + m]) 



m=0 



m! (m + i)3r(i + m)[r(| + m)]^^ + m)r(| + m) 



(24) 



/OOi 



0i2345Q X 
6 6 6 6 6 * 



1 1 1 ^ i 



I 



2ni J J 



[r(-.)P[r(5)pr(i-^)nj=ir(. + |) 
, r(i-.)[r(i + .)]3r(. + |)r(. + |) 



0(1 -kl 



/ / r23 33"! \ / 

2Ti^Uln{-z) + In J + 157i^lln{-z) + In 



2^3^ 
66 



- (-r(27r)i6^6mr(6m) 1 _ 

(m!)2m3 3^3mr(3m) 4 ^ 



+ E 



(-r 



(27r)i.6^-6["^+5lr(6[m + i]) 



-zr+^ 



(m!)2(m + |)3- 3^-3[m+i] r(3[m + |]) 

i-r r(i + m) 



- 356C(3) 



+0(kl-i) EE 

n 

k-j 



T( — \- - + m) - 

'o,t^27r3^+3[i+m)]^,(i + ^)3r(l-|-m)" ^2 6 ^■r(-3[| + m]) 



xnr( 



6 



(25) 



13 



(g) 



/OOi 



0i2345Q X 
66666 » 



1 1 i 1 i 



=±[ 



r(i-.)[r(i + .)]3r(| + .)r(| + .) 



= 6(1-1^1) 




TT \ — 



In 



In 



+ ln{-z) + 



TT 

75 



360C(3) - 
r(6m) 



m= 

oo 



+ E 



(m!)2m3r(| + m)^""^'"' r(m)r(| + m) 
_)m+i r(2 _ ^) ^27r)i65-6[3+"^lr(6[| + m]) 



(-^) 



o^!(| + ^)'r(| + m) 



r(| + m) 



.3 ' "V ^V3 ' "V -V3 . "V r(| + m)r(| + m) 

+enzi - 1^ V f r(i + | + m)r(i + | + m)nM.-r( 



^3 



m] 



m) 



(h) 



/ooi 



V 



0i2345Q X 
6 6 6 6 6 > 



1 1 i 1 ^ 



(-^) 



= 6(1- 



^1) 



TT 



TT Y 



+167r' 



In 



oo 



[r(-.)p[r(.)pr(|-.)nf=ir(. + |) 
r(i-.)jr(i + .)]3r(i + .)r(| + .) ^ 



^/3; 



360C(3) + 



57r- 

3i 



-(27r)26' 



6m 



r(6m) 



^Ji (m!)2m3 r(i + m) ^ ^ r(m)r(| + m) 

oo r(|-m) (27r)i65-6[i+"^lr(6[| + m]) 



+ E 



m= 



'om!(| + m)4r(§ + m) 



r(| + m) 



r(i + m)r(| + m)_ 
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+e(\z\ - 1) V f H-+^ r(| + i + m)r(i + ^ + m)nM.W-m) 

^' ' ^io,tlm!(t + mrr(l-|-m)r(i-|-m) r(l-^-m) ^ ^ 



The connection between (19) that effectively depends only on one complex 
structure parameter z — e"*^*^''"*^'*"*^^ — - — , and the solutions given in the 
hterature [9] of the form: 

9Z9;:dZ E ^'P; pm, Pn, Pp)^r'""4^^"4^''lp.=.„=p.=o, (28) 



m,n,p 



with + s„ + Sp < 3, and Zi = z^ = Z3 = needs to be 

understood. The appearance of d^'^dp'^dp^ J2m,n,p (28) is what was referred 
to earher on as parametric differentiation of infinite series, something which, 
as we have explicitly shown above, is not needed in the approach followed in 
this work. 

The Picard-Fuchs equation can be written in the form[10] : 

(Al + j:B,{z)A'M{z)^0. (29) 
^ i=i ^ 

The Picard-Fuchs equation in the form written in (29) can alternatively be 
^In equations (20) - (27), use has been made of the following identities: 



nr=o r(x+ 1) = (27r)^n^— r(nx), 

SiLo ~^ ~ nip{nx) — —nlnn, 
^(1) = -7, ^(") = (-)»-in!C(n + 1). 



Using these, one arrives at: 



V'(3) + 'A(|) = -27-«n33, 

E-=iV'(|) = -57-^^66 
V''(i)+V''(i)=8C(2) = |7r2, 
V,"(i) + V;"(i) = -52C(3), 
^'"(1) + ^'"(2) ^ 480C(4) = 
E-=iV''(|) = 35C(2) = f^2^ 
E-=iV'"(i) = -430C(3), 
E-=iV'"'(i) = 7770C(4) = ^ 



(27) 
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expressed as the following system of eight linear differential equations: 
/ \ 

A,fl(z) 

(A.)'n(^) 



V (A.)^n(^) I 








1 







1 




VO -Bi(^) -B2(^) 



..0 
..0 

..0 1 

B6(^) -B,{z) ) 



(A.)'n(^) 



I (A.)^n(^) j 



(30) 



The matrix on the RHS of (30) is usually denoted by A{z). 

If the eight solutions, {n/=i^...3}, are collected as a column vector Tl[z), 
then the constant monodromy matrix T for l^j << 1 is defined by: 



Ii{e^^'z) = TIl{z). 



(31) 



The basis for the space of solutions can be collected as the columns of the 
"fundamental matrix" ^{z) given by: 



(32) 



where S^{z) and /?§ are 8x8 matrices that single and multiple- valued respec- 
tively. Note that Bj(0) ^ 0, which infiuences the monodromy properties. 
Also, 

/ 

Ii,{z) 

A,ni(z) 
A^n2(^) 



V Alni(^) 



n8(^) 

Afl8(^) 



Aln8(^) I 



(33) 



implying that 



T 



(34) 

Now, writing z^ — e^'^^ — Rlnz -\- B?{lnzY -h and further noting that 
there are no terms of order higher than {InzY in n(-z) obtained above, implies 



'This thus impHes that both IT and 11, have the same monodromy matrix. 
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that the matrix R must satisfy the property: — 0, m — 5, ...oo. Hence, 
T = e^-^* = l + 2mR' + ^^{R'f + ^^{R'f + ^(i?*)^ Irrespective of 
whether or not the distinct eigenvalues of A(0) differ by integers, one has to 
evaluate e^''*^^^^ The eigenvalues of ^4(0) of (Al), are 0^, |, \, |, and hence 
five of the eight eigenvalues differ by an integer (0). 

Now, the Picard-Fuchs equation (13) can be rewritten in the form (29), 
with the following values of Sj's: 

Bi,2 = 
Ba 

B4 
B5 
Be 



324(1 + z) 

137 
648(1 + z) 

(1 + ^) 

(26 + 85z) 
36(1 + z) 



R - (3 - r3^^ 

^^-"2(m)- ^^^^ 

Under the change of basis T{{z) ^'{z) = M~^Il{z), and writing Ilj{z) — 
J2i=o{lnzyqij{z) (See [8] and the appendix), one sees that 

mz)^Y.i^nz)%{z), 
q'(z)^q(z)(M-y, 

^'{z)^z){M-y, S'{z) = S{z){M-y, R' = M'R{M-y. (36) 

By choosing M such that 5"(0) = I24, one gets 

T(0) = M(e2*"^(°))*M-^ (37) 

We evaluate (M~^)* and 6^^^*^^°^ in the appendix. Prom the form of (M~^Y, 
one gets: 

M^^^l -6 (-16 + 16goo- 29499 gio) 5586 - 5586 gop + 795503 gip 

' ' ' 1617589 ' 14558301 

-4 (-110 + 110 goo - 607 gio) -5 (-2052 + 2052 goo + 665123 gio) 
4852767 ' 131024709 ' 

16212- 16212 goo - 8527877 gio, rr. r. (88497 + 48 goi - 88497 gn + 1030121 

I ' ' ' 



262049418 ' " ' ' ' 1617589 
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-795503 - 5586 ^oi + 795503 qu - 6851300 ^21 -4 (607 + 110 ?oi - 607 + 1710 ^21) 



14558301 ' 4852767 

3325615 - 10260 goi - 3325615 gn + 25280767 ^21 

131024709 ' 
8527877 - 16212 501 - 8527877 + 62539841 521 



{0,0,1 



262049418 

-96 go2 + 176994 512 - 1030121 (-1 + 2 ^22) 



1617589 

5586^02 + 795503 gi2 - 3425650 (-1 + 2^22) -4 (110 go2 - 607gi2 + 855 (-1 + 2^22)) 



14558301 ' 4852767 

-20520 go2 - 6651230 q^ + 25280767 (-1 + 2 ^22) 



262049418 

-32424 go2 - 17055754 qi2 + 62539841 (-1 + 2 fe) 
524098836 

r -2 (48 go3 - 88497 gi3 + 1030121 ^23) 

^ ' ' ' 1617589 
-5586 go3 + 795503 gi3 - 6851300 ^23 

14558301 ' 
-4 (110go3 - 607gi3 + 1710^23) -10260 go3 - 3325615 gi3 + 25280767^23 

4852767 ' 131024709 

-16212 503 - 8527877 ^13 + 62539841 ^23 - 



{0,0,0, 



-I 

262049418 ^' 
-2 (48go4 - 88497^14 + 1030121 ^24 - 4852767^34) 



1617589 

-5586 go4 + 795503 - 6851300 ^24 + 349399224 544 

14558301 ' 
-4 (110 go4 - 607 + 1710 ^24) -10260 go4 - 3325615 gu + 25280767 ^24 

4852767 ' 131024709 ' 

-16212 go4 - 8527877 gu + 62539841 ^24 - 



{0,0,0 



262049418 

-2 (48^05 - 88497 gi5 + 1030121 525 - 4852767 fe) 



1617589 

-5586 go5 + 795503 gis - 6851300 gas 
14558301 ' 
-4 (110 go5 - 607 gi5 + 1710 525) -10260 go5 - 3325615 gis + 25280767 ^25 



4852767 131024709 
-16212 go5 - 8527877 gis + 62539841 525 

262049418 ^' 
-2 (48^06 - 88497^16 + 1030121 ^26 - 4852767^36) 
1617589 ' 



{0,0,0, 
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-5586 qoG + 795503 gie - 6851300 gae 
14558301 ' 
-4 (110 qo6 - 607 gig + 1710 gse) -10260 goe - 3325615 gig + 25280767 gas 



131024709 



4852767 

-16212 go6 - 8527877 gi6 + 62539841 gae 
262049418 

Q Q -2 (48go7 - 88497 gi7 + 1030121 g27 - 4852767 ggr) 

^ ' ' ' 1617589 
-5586 go7 + 795503 qu - 6851300 g27 

14558301 ' 
-'1 (110 go7 - 607 gi7 + 1710^27) -102 60 goy 



3325615 gi7 + 25280767 g27 



4852767 

-16212 go7 - 8527877 gi7 + 62539841 g27 
262049418 



131024709 



}} 



The elements qij of a matrix g, are as explained in the appendix. Using 
MATHEMATICA, one can actually evaluate T, but the expression is ex- 
tremely long and complicated and will not be given in this paper. 

The monodromy around z — oo can be evaluated as follows (similar to the 
way given in [8]). For \z\ » 1, one can write: 



^a{z) ^^Aaj{z)uj{z), a = 0, 7, 



(39) 



where Uj{z) 
notation: 



e 6. Now, as 2; — > e^'^'^z, with obvious meanings to the 



Tu{oo) = 



/ 


-i- 

e 3 














\ 







2<7r 

e 3 










































4i7r 

e 3 







V 














e 3 


/ 



(40) 



Now, using 
Il(z 



A{z e'"z)T^{oo)u{z) 



T{oo)Aiz)u{z) 



(41) 

So, equation (41) is the defining equation for the monodromy matrix around 
z ^ oo. Note, however, that from the point of view of computations, given 
that the matrix A is not a square matrix, (41) involves solving 40 equations 
in 64 variables. The matrix A is given in appendix B. Unfortunately, MATH- 
EMATICA is not able to handle such a computation, this time. However, it 
is clear that it is in prinicple, a doable computation. 
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3 Superpotential Calculation 



As done in [11], consider F-theory on an elliptically fibered Calabi-Yau 4-fold 
X4 with holomorphic map vr : X4 — * and a 6-divisor as a section such 
that n{Ds) = C2 C B^. Then for vanishing size of the the elhptic fiber, it was 
argued in [11] that 5-branes wrapped around D3 in M-theory on the same 
obeying the unit- arithmetic genus condition, xiDz-iOoi) — 1, correspond to 
3-brancs wrapped around C2 in type J/S, or equivalently F-theory 3-branes 
wrapped around C2 C -B3. It was shown in [11] that only 3-branes contribute 
to the superpotential in F-theory. As there are no 3-branes in the F-theory 
dual [3], this implies that no superpotential is generated on the F-theory 
side. As F-theory 3-branes correspond to Heterotic instantons, one again 
expects no superpotential to be generated in Heterotic theory on the self- 
mirror (713(11, 11) based on the M = 2 type IIA/Heterotic dual of Ferrara 
et al where the same self-mirror Calabi-Yau figured on the type IIA side and 
the self-mirror nature was argued to show that there are no world-sheet or 
space-time instanton corrections to the classical moduli space. 

If the abovementioned triality is correct, then one must be able to show 
that there is no superpotential generated on type IIA side on the freely- 
acting antiholomorphic involution of 6*13(3,243). 

On the mirror type IIB side, the W is generated from domain-wall ( 
= D5-branes wrapped around supersymmetric 3-cycles ^ Cis's) tention. 
WiiB — Ic:dC=Y, Di ^3) 2-cycles corresponding to the positions of 

Z)5-branes or 05-planes, i.e., objects carrying D5 brane charge. From the 
world-sheet point of view, the D5 branes correspond to disc amplitudes and 
05-planes correspond to RP^ amphtudes. As there are no branes in our 
theory, we need to consider only RP^ amplitudes. Now, type IIA on a freely 
acting involution of a Calabi-Yau with no branes or fluxes can still generate 
a superpotential because it is possible that free involution on type IIA side 
corresponds to oricntifold planes in the mirror type IIB side, which can 
generate a superpotential. The same can also be studied using localization 
techniques in unoriented closed string enumerative geometry [12]. Consider 
an orientation-reversing diffeomorphism a : S — E, an antiholomorhpic 
involution on the Calabi-Yau X I : X ^ X and an equivariant map / : 
E — > X [satisfying / o(j = /o/]), then the quotient spaces in / : — > y 
possesses a dianalytic structure. 

In the unoriented theory, one then has to sum over holomorphic and an- 
tiholomorphic instantons. For connected ^f^, the two contributions are the 
same; hence sufficient to consider only equivariant holomorphic maps. One 
constructs one- dimensional torus action, T, on X compatible with / with 
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isolated fixed points. The action T induces an action on the moduh space of 
equivariant holomorphic maps, and one then evaluates the localized contri- 
butions from the fixed points, using an equivariant version of the the Atiyah- 
Bott formula, much on the lines of Kontsevich's work. For a Calabi-Yau 
3-fold, the virtual cycle "[Mg^o(^) Z?)]"'^*" is zero-dimensional, and one has 
to evaluate /=«irt ^^(^j^virty where = is the fixed locus in the moduli space 

of symmetric holomorphic maps, and one sees that one gets a match with 
similar calculations based on large N dualities and mirror symmetry 

For / dPOWic to be invariant under Q.o;, given that the measure is refiected 
under fi, oj : W^c —Wlg- 

away from the orbifold singularities: Promoting the action of uu to the one 
on the chiral superfields: 

u! : {Xi, X2, A^, A's, Xq, Xq) — >■ (X2, —Xi, A4, A's, Xq, Xq), (42) 

and using Re{Yi) = one gets the following action of u; on the twisted 

chiral superfields y^'s: 

uj :Yi^Y2 + iir, Y2^Yi + iir; 10,4,5,6 ^ ^0,4,5,6 + ^tt. (43) 

The action of cu on 14,5,6,0 implies that cu acts without fixed points even on 
the twisted chiral superfields, further implying that there arc no orientifold 
fixed planes, and hence no superpotential is generated on the type II A side 
away from the orbifold singularities. 

after singularity resolution: Writing W = Y(i=o cteo,...,?'^/* with the require- 
ments that l^"-^ ■ e — ioT a = 1, 2, 3 and < 1[13]^, one sees that Xq nj=i X^ 
is an allowed term in the superpotential. A valid antiholomorphic involution 
this time can be: 

u : {Xq, Xi, X2, X^, X4, X^, Xq, X^) {Xq, X2, —X\, —X-^,, X4, X^, Xq, X^). 

(44) 

This on the mirror LG side again implies that one will have free actions w.r.t. 
lo,3,4,5,6,7 implying there can be no orientifold planes and no superpotential 
(is likely to be) generated even after singularity resolution. 

4 Action of the antiholomorphic involution 
on M theory compactified on CYs{3, 243) x 

The M-theory uplift of the type II A side of the M — 1 Heterotic/type 
HA dual ])air of [5]. as ()l)tained in [3], involves the 'barely G'2-manifold' 

^We thank A.Klemm for bringing [13] to our attention. 
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^^^^^'"^^^^^ . In this section we consider the D — 11 supergravity Hmit of 
M-theory and construct the J\f — 1,D — A supergravity action, and evaluate 
the Kahler potential for the same. 

The effect of the Z2 involution that reflects the S^, H^'^{CY-i) and takes 
HP''i{CYz) to /J«'P(CF3) for j9 + g = 3, where the CY^ is the one that figures 
in '"•^1^'^ , at the level of = 11 supergravity can be obtained by first 
compactifying the same on an S^, then on CY^ (following [4]) and eventually 
modding out the action by the abovementioned Z2 action. 

The D — 11 supergravity action of Cremmer et al is: 

(45) 

which after dimensional reduction on an 5"^, gives: 

1 1 9 9 1 3 

1 3 2 



where 



GmNPQ — d^AlCNRQ] 



and 



A,M^O, 10; a, m = 0, 9. (48) 
After compactifying on a CI3, one gets the following Lagrangian density: 

£4 = >Cr'+''°+>Cf +£f , (49) 
where after a suitable Weyl scaling: 



£f = e 



■ R 








-( 

16^ 


. (p J 



(50) 
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where A,B^1, h^'^CY^), a, /? = 1, h^'^CYa), 



G 



2V 

V^^JjAJAJ, 
i IK A bp 



G 



a/3 



V 



where 



(51) 



(52) 



$ being a (2,1) form, and the h^'^ moduh entering in the variation of the 
metric with mixed indices and the /i^'^ moduh Za entering in the variation 
of the metric with same indices. Writing (50) in terms of v"^ defined via: 
= ^/2v'^(f)'~i, one gets: 



R G 



AB 



1 d,{Vct>- 



-3\2 



4 (V0 



-3^2 



+ G^pd^Z-d^Z^ 



Under the freely-acting antiholomorphic involution, the /i^'^-moduli M^/v^ 
get projected out, Gab is even, and gets projected out. Thus, one gets: 



7Z2 



R 
2" 



4 (V0-3)2 
Additionally, after a Weyl scahng: 



+ G,-pd,Z^d^Z^ 



(53) 



1^4 



8 



(54) 



(55) 



Thus, under the Z2-involution, Cf ^^''^ and £f (^/^•'p^ gg^ projected out. The 
term ^^'^"P''^^ be considered in conjunction with Cf^ later. 
Now, the i?^-sector Lagragian density is given by: 



Cf = e 



1 

12 



J A J A J 



1 

+ 2 



e^Ae-^AJ--— ^ 



JJAJAJ 
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+^ (/ A A J - -I jj^^ f^^a^r 

+ 4 U 2 JJAJAJ )^^^^ 



^a\^a'^F,,F^'' | A A + ^a\^F,,f je^Ae^A 



4 



, (56) 



where VT^ = + and, e.g., eF''^ = |e^'^f'^F^A- Thus, under the Zg- 
involution, only —^eGAEdf^a^d^a^ in vCf'^^, survives, i.e., 

Cf/Z2 = -^eGABdyd^a''. (57) 
Now, using the notations of [4] , 
Cf + Cf = -e-i-|a^0 + id^D - ]d,[{^ + ^)R-\^ + fr)] + (* + ^)R- 



--{i) + z/')i?-^9^Ari?-^(^ + ^)| 



1 

4' 

\d^S + (* + ^)i?-i(9^^ - |(^ + ^)i?-i5^Ari?-i(^ + ^)|2 
[5 + ^+i(^ + ^)i?-i(^ + 'J')]2 

[a^* - i(^ + '^)i?-i9^Ar]i?-M^M^ - \d^MR-\^ + ^)] 



[(5 + 5) + i(^ + f')i?-H* + ^)] 

where S = (j) + iD — + ^)R~^{'il) + ^), D being a Lagrange multipher, 
= -\/2V(i')0~^, ^/(=o,i,- -,/i^'^) appearing in the expansion of the real 3-form 

mnp 



A^np in ^ canonical basis of i?^, and 



Ru = Re[Mu\, Mij = ^Fu ^ZNZ^' 

{R-y-' = 2 (^N-\l -KZ- KZ)^ " , (59) 



where Z^ and iFj are the period integrals, Njj — \{Fij + F/j), and Kj = 
/ oCn ' ^^^^ ^ i^ i^ assumed that the holomorphic 3-form Q, 

is expaneded in a canonical cohomology basis {ai,(5^) satisfying 

j^^oii^ JaiAp'^^-J^ ^ - j 13^ Aai = 5i, (60) 
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with (^4^, Bj) being the dual homology basis. The period integrals are then 
defined to be: — J^i Q and iFj — J^^ Q. Hence, 



(61) 



For the M = 1 case, we work in the large volume limit of the Calabi-Yau. 
In this limit, one gets: 



Hence, one gets for the A/" = 1 Kahler potential Kj^=i: 



(62) 



(63) 



At the M = 2 level, if there were decoupling between the fields of the H^- 
sector from the other fields of the other sectors, the Kahler potential would 



be consisting of In 
the definitin of S above, one sees that: 



+ 5 + -(* + ^)R-\^ + *) = 24). 



J from the if^-sector. From 

(64) 



This partially explains the appearance of ln[4>] in Xa/=i- 



5 Action of Antiholomorphic Involution on 
the Periods - a Conjecture 

Given the action of an antiholomorphic involution on the cohomology, it 
is in general quite non-trivial to figure out the action of the involution on 
the period integrals using the canonical (co)homology basis of (60). We 
now discuss a reasonable guess for the same. From (64), one sees that the 
RHS is refiected under the antiholomorphic involution discussed towards the 
beginning of this section. We now conjecture that on the LHS, this would 
imply that 

s -s, (* + ^ (* + ^)^ 

Rij ^ -Rij. (65) 



^This however assumes that = ^ ^Fuk - + 



{NZ)i{NZ)j yPyQjT^ _ n 

{2ZNZy ^ Z^FpQK-Q 
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We further conjecture that Ru — > —Rij is reahzed by 



-Z\ Fi Fi 



-ai, (3^ 13^. (66) 



One should note that given that the antiholomorphic involution is orientation 
reversing, the intersection form J aj A (3"^ is also reflected.® This fact, e.g., 
can be explicitly seen in the real basis of H^{T^, Z)[14]: 

CKo = dx^ A dx^ A dx^; aij = ^eumdx'^ A dx^ A dy^{l <i,j < 3), 

/3o = dy" A dy^ A dy""; (3'^ = —ejimdy' A dy"' A dx\l <i,j< 3).(67) 

where x*, y*, i = 1, 2, 3 arc the six real coordinates on the T^, using which one 
can construct the holomorphic one-form: dz'^ = dx"^ + r'''^dy^ , r*-' being the 
period matrix for the torus. Hence, under the antiholomorphic involution: 
(x*, y*, T*'') — > (x*, — y*, — f'^), the intersection matrix changes sign because 
aij and (3q change signs.^ The holomorphic 3-form Q is then given by: 

n^dz^ A dz^ A dz^ = ao - (3'^{cofT)ij + aijT'^ + Po{detr), (68) 

which on comparison with: 

n = Z^ai + iFip^, (69) 

for inhomogenous coordinates (/ = 0, 1, /i^'^ and h?'^{T^) — 9), implies 
that 

(ao,/5'^') ~ /^^ (/3o,aij) ~ «/; 

(1, -(co/r),,) - Fi, {detr, r'^) ~ Z' . (70) 

One thus sees that the conjecture (66) is satisfied. Further, for a real canoni- 
cal cohomology basis (a/, (3^), VL will be given hj VL = Z^aj —iFjP^ . One sees 
that (66) is consistent with complex conjugation of the holomorphic 3-form 

a 

Further, as a simple toy example, one can consider the mirror to the quin- 
tic, for which /i^'^ = 1. If {p,q) forms are denoted by X^'^, then one choice 
of real canonical cohomology basis satisfying (60) is 

ao^^{n-n), ai = -^(X2'i-X^'2); 

b'^^{n + Q), b'^^{X''' + X'''). (71) 



^We are grateful to D.Joyce for pointing this out to us. 
^We thank M.Schulz for pointing this out to us. 



26 



One sees that that indeed, (oq, Oi) under the aformentioned antiholomorphic 
involution goes to — (oq, Oi) and (6°, b^) goes to (6°, b^) 

6 Conclusion and Discussions 

We obtained the Meijer basis of solution to the Picard-Fuchs equation for 
the Landau-Ginsburg model corresponding to (713(3,243) after the resolu- 
tion of the orbifold singularities of the degree-24 Fermat hypersurface in 
WCP^[1, 1, 2, 8, 12], in the large and small complex structure limits, get- 
ting the Zn-terms without resorting to parametric differentiations of infinite 
series. We also discussed in detail the evaluation of the monodromy ma- 
trix in the large complex structure limit. We also considered the action 
of an antiholomorphic involution on D = 11 supergravity compactified on 
CYs{3, 243) X S^, and evaluated the form of the M —1 Kahler potential. In 
the process, we also gave a conjecture on the action of the involution on the 
periods of (713(3,243), given its action on the cohomology of the same. We 
verified the conjecture for for the periods and cohomology basis, and for 
the mirror to the quintic for the cohomology basis. Finally, we showed that 
no superpotential is generated in type IIA and hence M-theory sides using 
mirror symmetry, after the resolution of the orbifold singularities associated 
with the Fermat hypersurface whose blow up gives Cl3(3, 243). 

For future work, it will be nice to explicitly work out the Kahler poten- 
tial, or equivalently the periods for the "(12,12)" Eft, x Heterotic model, 
analogous to the "(14,10)" model of [15, 16] and perhaps using the conjec- 
ture that both models he in the same moduh space^° [17], so as to be able to 
compare with the Kahler potential of type IIA on Cl3(3, 243) or equivalently 

= 11 supergravity on '^^3^^^'^^)^^ _ Further, it will be interesting to see 
whether or not the conjectured M = 1 triality holds up when one turns on 
fiuxes[18] - issues of the right choice of non-Kahler manifolds, flux-induced 
superpotentials, etc will become relevant for investigation. 
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A Monodromy around z = 

In this appendix, we give the details relevant to the evaluation of the matrix 
M that is essential for the evaluation of the monodromy matrix T. MATH- 
EMATICA has been heavily used in this appendix. We first give the expo- 
nentiation of the relevant matrix A{0) followed by the value of z-^^°\ again 
necessary for evaluation of M and hence T. 
The matrix A{0) is given by: 



A{0) 



( 

1 

1 

1 

1 

1 





V ^ 









1 



_13 
18 



(Al) 



Using MATHEMATICA, one then can evaluate the "matrix exponent" 
involving A(0). The expression given below, has been written in the MATH- 
EMATICA notebook format (by cutting and pasting the "TerXForm" of the 
output). 



g2.M(o) _ ||i^2i7r,-2 7r2,^7r3,^. 



/ 31001 A 



+ 



729 



2j , 



5971? I 865 TT^ I 115 1 3 
8 " 4 3 " 



13 ■k'^ 93213 
3 ' 32 



105^7^3 + 9 7^^-f^)4 
{0,l,2 2 7r,-2 7r2,^7r3,1284 



3 ' V 32 y 

^^-5103e^-+i^2^5* 

32 eT-'' 

2 i 



— 2^ + 1458 e^'^ 

32 e"5~ 

2i _ iQOir;.- ^ _ 2637 TT^ 



^+4374ef--^7r+i^ + 7827r3-67rn, 



1215 



-1701eir- 



- 576 

^''^ + 14586^^^-3^ ( 



16eT 

/ 172935 i 



f486e-^-^ 



,5|39, + + 1035z7r2 - 1567r3 



23733 TT 



18 

70065 i 
4 

81 



- 2835 i7r2 + 324 TT^) ,576 + 



{0,0, l,2i7r, -2 7r^64 H 



+ 9315 TT + 2106 i TT^ - 216 TT^) }, 

-f^^)-18630i7r+42127r2 

+ 162 e^'^ + ' ^ 



324 



-288 



«5 ^567 e¥ 



"5 



+ 



i^-|-51030i7r-8748 7r2 
, ZOO + 



243 



{0,0,0, 1,2 iTT, 32+ 
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21- 

4e"3" ' 



324 

+54 6-^^+ 



4eT^ ' 



_|_^gg TT I -83835-37908 i7r+5832 7r2 -i 



5832 



:i67670i- 75816 tt) 



-144- 



324 
135 



4eT-' 



189 6^^^+ 



81 



5832 



-459270 i + 157464 tt) , 144+^ 



M62e-'^+5^ (341172i- 104976 TT 
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{0,0,0,0,l,f + ^+18e^^- ii^ ^_63e¥-,63+4f7+54e^'^}, 

{0. 0. 0. 0. 0. 8 + ^ + 6 6%" -36 - ^ - 21 eiT ^, 36 + 4^ + 18 '^l, 
{0,0,0,0,0,4 + ^ + 2e¥-, -18- 4^ -7e¥-,18 + ^ + 6e¥-}, 

{0,0,0,0,0,2+^ + ^,-9-_^-l4^,9+-|^ + 2e¥^}} 

Writing the solution vector Ilj as Ilj = Ylj=o{lnzy qji (following the nota- 
tion of [8]), one notes: 

Prom (A2), one gets the following: 

(?'(0)k = J, 0<(i,j)<4. (A3) 

For 5 < i < 7, consider, e.g., i — 5. Then from the expression for z^^^^ 
above, 

j=Q n=l n=l 

{S'Uf2,{zKz'^) + Ecf (M"] + {S'UMzKz'^) + cf\lnz)] 

n=l 

+ {S')o,U{zKz-^) + (5')05/55(^^) + (5')06/65(^^^^) + (^Oot/tS (^^ ) (A4) 

where the /.^ 's and c^ 's can be determined from the expression for z"^^^ given 
below. From (A4), one gets: 





7 

= E('^')oi/i5 
i=0 


(?')l5 


i=0 


(?')25 


i=0 


(?')35 


i=0 




= {S')oocT. 



(A5) 
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Prom (A5), one gets: 



iq'mo^ = /o.(0), 

{q'{0))ij = cf, 1 < i < 4, 5 < J < 7. 



(A6) 



Again using the MATHEMATICA notebook format, the value of z^^'^\ as 
evaluated by MATHEMATICA is given by: 

^A(O) ^ ^Amniz) ^ {{l,log(^), Mi)!, i2^, 

3 ^-39193+46656 -8192 ^+729 2 § ^ -35826 log(2) -5190 log(2)2 -460 log(2)^ -26 log(2)* 

96 ' 
-3 ^-43359+54432 23-12288 V5+1215z§ -12810 log(2)-17581og(2)^-1401og(2)^-61og(2)''^ 
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3 ( -17913+23328 23-6144^2+729 23-5190 log(2)-6901og(2)^-521og(2)^-21og(2)' 



16 



{0,l,log(2;), 



log(2)^ log(2)^ -17913+23328 23 -6144 7i+729 2 3 -5190 log(2)-6901og(2)^-521og(2)^ 



2 ' 6 ' 

1 _ 2 



9 -2135+3024 23-1024 V2+I35 23 -586 log(2)-70 logi 



(2)2-41og(2)3) 



16 

3 ( 3 ( -SG5-12<)(i -^-r,12 v^+«l j-OOO l<,g{~-)-7^ U,-^(zf - lh,-^{z) 



{0 1 log(;2) -865+1296 23 -512 7i+81 2§ -230 log(2)-26 log(2)^ 

-9 ^-293+504 23-256 72+45 2 3 - 70 log(2)-6 log(2)^^ 9 ^-115+216 23-128 72+2723-26 log(2)-2 log(2)2 j 



{0, 0, 0, 1, log(z), -115+21623-128 71+2723-26 log(2) ^ 



4: 

-9 ^-35+84 23-64 72+15 23-6 log(2)^ 



}, 



9 ( -13+36 23-32 72+9 23-2 log(2) 



}, {0,0,0,0,1, 



-13+36 23 



-32 7i+92§ -9(-3+142Kl67^+52§) 



9(-l + ^s) (l + 3z^)}, {0,0,0,0,0,(6-8^^+3^3) ^3,-3 (7-12^5+5^3) z3, 

18 (-1 +^5)%!}, (0, 0, 0,0,0, 2 (-l + ^i)%i, -7^5+18^-10^1,6 (zi -3v^+2;2i)}, 



{0,0,0,0,0. 



2(23-372+223) - (7-272F+20 23)z3 



3 ' 3 

The matrix q' introduced in (A2) is given by: 



, (2-9^5+8^3) Z3}} 



/ 


1 



















1 



















1 

2 



















1 

6 





V 














1 

24 



V 32 y 32 

_ ( 5971 A 19215 

V 16 y 16 

865 \ 2637 

16 I 16 

115 \ 105 

24 y 8 

'(-) - 

\32j 16 



v 16 y 



-(f) 

3 



(A7) 
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Further, the matrix q is of the form: 




go4 
g24 

?34 
g44 



qi5 qia qi7 
Q25 Q26 Q27 

?35 ?36 Q37 



(A8) 







\ 



/ 



Prom the matrix equation q' = g(M~^)*, one sees that one has 40 equations 
in 64 variables, one has the freedom to (judiciously) give arbitrary values to 

24 variables, bearing in mind that from the forms of the matrices q' and 
g(M"i)*, the values of (M-^)^^ are fixed. We set: Mij = 5ij for < i < 3 
and < j < 7. 
Hence, one gets: 



q(M-'Y = {{qoo + {M-^)\o ?03 + qo4 + {M'^Yso 905 + {M-')lo go6 + 

(M-i)*ogo7,?oi + (M-i)*igo3 + {M-%,qo4 + (M-i)*i go5 + {M-^^^qoG + 

(M-i)*igo7,go2 + (M-i)*2go3 + (M-i)*2go4 + (M-i)*2go5 + (M-i)*2go6 + 
(M-i)*2 go7, (M-i)*3 go3+(M-i)*3 go4+(M-i)*3 go5+(M-i)*3 go6+(M-i)*3 go7, (M-i)*^ go3+ 
(M-i)*4 go4+(M-i)*4 go5+(M-i)*4 go6+(M-i)*4 go7, (M-i)*5 go3+(M-i)*5 go4+ 
5o5+(M-i)*5 go6+(M-i)*5 go7, (M-i)|6 go3+(M-i)*6 go4+(M-i)|6 go5+ 
(M-i)*6 go6+(M-')*76 ?07, go3+(M-i)*7 go4+(M-i)*7 go5+(M-i)*7 go6+ 

(M-i)*7 go7}, {gio + (M-i)*o gi3 + (M-i)*o gi4 + (M-i)*o gis + (M-i)*o gi6 + 
(M-i)*ogi7,gii + (M-i)*igi3 + (M-^^^qu + q,, + {M-^^.q^e + 

(M-l)*,gi7,9l2 + (M-l)*2gi3 + (M-l)*2gi4 + (M-l)*2gi5 + (M-l)*^ + 

(M-i)*2 (M-i)|3 gi3+(M-i)*3 5i4+(M-i)|3 5i5+(M-i)*3 5i6+(M-i)*3 giy, (M-^Y^ q,s+ 

(M-l)*4 gi4 + (M-l)*4 gi5 + (M-l)*4 gi6 + (Af-l)*4 g^, gi3 + (M-l)*5 ^14 + 

(M-i)*5 gi5+(M-i)*5 gi6+(M-i)*5 ^17, (M-i)*^ gi3+(M-i)*6 gi4+(M-i)*6 gi5+ 
(M-i)*6 gi6+(M-i)*6 gi7, (M-i)*^ gi3+(M-i)*7 gi4+(M-i)*7 gi5+(M-i)*7 gi6+ 

(M-l)*7 gi7}, {(M-l)*o g23 + (M-l)*o g24 + (M-l)*o g25 + (M-l)*o g26 + (M-l)*o ^27, ^21 + 

(M-l)ll ^23 + ^24 + (M-l)li ^25 + g26 + ^27, ?22 + 

(M-l)*32 g23 + (M-l)*2 g24 + (M-l)*2 q25 + {M-%^ g26 + (M-l)*2 ^27, {M-^^^ ^23 + 

(M-l)*3 g24 + (M-l)*3 g25 + (M-l)*3 g26 + (M-l)*3 ^27, (M-l)*34 g23 + (M-l)*4 ^24 + 

(M-l)*4 g25 + (M-l)*4 g26 + (M-l)*4 ^27, q23 + {M-%, q^A + iM-^, fe + 

(M-l)*5 g26 + (M-l)*5 927, g23 + (M-l)*6 g24 + (M-l)*6 g25 + (M-l)*6 ^26 + 

(M-l)*6 ?27, (M-l)|7 ?23 + (M-l)*7 524+(M-l)|7 525 + (M-l)*7 926 + (M-l)*7 ^27}, {{M-^,^ ^34+ 

(M-l)*o g35 + (M-l)*o g36 + (M-l)*o g37, (Af-l)*i g34 + (M-l)*i g35 + (M-l)*i 536 + 

{M-^Yl 937, (M-l)*42 g34 + (M-l)*2 fe + (M-l)*2 g36 + (M-l)*2 937, (M-l)*3 ^34 + 

(M-l)*3 g35 + (M-l)*3 g36 + (M-^)*73 937, (M-l)*44 g34 + (M-^)^4 g35 + (M-l)*4 ^36 + 

(M-l)*4 537, {M-%, g34 + (M-l)*5 535 + (M-l)*5 g36 + (M-l)*5 ^37, {M'^, qu + 

(M-l)|6 535 + (M-l)*66 536 + (M-l)*6 537, (M'^^^ qsA+iM'^^^ 935 + (M-l)*7 535 + 

(M-i)*7 537}, {(M-i)*o 944, (M-i)*i 544, (M-i)*2 544, (M-i)*3 544, (M-'Yu 944, 
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(M-%,q,,, {M-%,q,,, {M-y,,q,,}} 

The above matrix equatin can then be solved for the 64-24=40 entries 
{M-^)lj 4:<i <7, < j < 7 to give the following result: 

{M-')io = ^, where 

-^30 = QOG QlO <l27 ?35 + QlQ <l27 " iJOO 916 927 935 — 905 9l0 927 936 — 9l5 927 936 + 

900 915 927 936(-l + 900 ) 917 (926 935 - 925 936) + 907 9l0 (-(926 935) + 925 936)" 
906 9l0 925 937— 9l6 925 937+900 9l6 925 937+905 9l0 926 937+9X5 926 937 — 900 9l5 926 937 

^30 — — (903 9l7 926 935)+903 9l6 927 935 — 905 9l7 923 936+903 9l7 925 936+905 9l3 927 936 — 

903 9l5 927 936 + 907 (-(9l6 923 935) + 9l3 926 935 + 9l5 923 936 - 9l3 925 936) + 

905 9l6 923 937 — 903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937+ 

906 (9l7 923 935 - 913 927 935 - 9l5 923 937 + 9l3 925 937), 

{M-%, = ^ where 

-^31 = 90l9l7926935 — 90l9l6927935 + 9059l792l936 — 90l9l7925 936 + 905927936 — 
9059ll927936 + 90l9l5927936 + 907(9l692l935 + 926(935 - 9ll 935)" 

(9l5 921+925 -911 925) 936)-905 9l6 921 937+901 9l6 925 937 - 905 926 937 +905 9ll 926 937- 

901 9i5 926 937 + 906 (-(917 921 935) + (-1 + 9ll) 927 935+ 
(915 921 + 925 - 9ii 925) 937) 

^31 = —(903 9l7 926 935)+903 9l6 927 935 — 905 9l7 923 936+903 9l7 925 936+905 9l3 927 936 — 
903 915 927 936 +907 (-(9l6 923 935)+9l3 926 935 +915 923 936 - 9X3 925 936)+905 9l6 923 937- 

903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937 + 

906 (917 923 935 - 9l3 927 935 " 9l5 923 937 + 9l3 925 93?), 

= ^ where 

-^32 = 2 9o2 9i7 926 935—2 9i6 927 935—905 9l7 936 +2 go5 9l7 922 936 —2 5o2 9l7 925 936— 

2 905 9i2 927 936 + 2 9o2 9i5 927 936 + 907 (916 (-1 + 2 ^22) 935- 

2 9l2 926 935 + 9l5 936 " 2 9l5 922 936 + 2 9l2 925 936) + 905 9l6 937 " 2 905 9l6 922 937 + 
2 902 916 925 937 + 2 905 912 926 937 - 2 902 915 926 937 + 906 (917 935 - 2 917 922 935 + 
2 912 927 935 

-915 937 + 2 915 922 937 - 2 912 925 937) 

^32 = 2 (—(903 9l7 926 935) + 903 9l6 927 935 ~ 905 9l7 923 936 + 903 9l7 925 936 
+905 9l3 927 936 - 903 9l5 927 936 + 907 (-(9l6 923 935) + 9l3 926 935 + 9l5 923 936 - 
913 925 936) + 

905 9l6 923 937 — 903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937 + 906 (9l7 923 935 — 

9l3 927 935 

-9l5 923 937 + 913925937)), 

= ^ where 

-^^33 = 907 9l6 925 — 906 9l7 925 — 907 9l5 926 + 905 9l7 926 + 906 9l5 927 — 905 9l6 927 
^33 = 6 (-(903 917 926 935) + 903 916 927 935 - 905 9l7 923 936 + 903 9l7 925 936+ 
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QOb qi3 927 936 - 903 9l5 927 936 + 907 (-(9l6 923 935) + 9l3 926 935 + 

915 923 936 —913 925 936)+905 9l6 923 937^903 9l6 925 937 " 905 9l3 926 937+903 9l5 926 937+ 
906 (9l7 923 935 - 913 927 935 " 9l5 923 937 + 9l3 925 937)), 

{M-%, = where 

^34 = 905 9l7 926 934—905 9l6 927 934^904 9l7 926 935 +904 9l6 927 935 — 905 9l7 924 936+ 

904 917 925 936 + 905 9l4 927 936 " 904 9l5 927 936 + 907 (9l6 925 934 " 9l5 926 934" 

916 924 935 + 914 926 935 + 9l5 924 936 " 9l4 925 936) + 905 9l6 924 937 " 904 9l6 925 937 " 

905 9l4 926 937+904 9l5 926 937+906 (-(9l7 925 934)+9l5 927 934+9l7 924 935 - 9l4 927 935" 
9l5 924 937 + 9l4 925 93?) 

Yu = 24 (go3 9l7 926 935-903 9l6 927 935 +905 9l7 923 936 - 903 9l7 925 936-905 9l3 927 936 + 
903 9l5 927 936+907 (9l6 923 935 —913 926 935 —915 923 936 +913 925 936)— 905 9l6 923 937+ 
903 9l6 925 937 + 905 9l3 926 937 — 903 9l5 926 937+ 

906 (-(9l7 923 935) + 9l3 927 935 + 9l5 923 937 - 9l3 925 937)) 944, 

(M-i)*5 = ^ where 

^35 = -39 go5 9l7 926 934 +39 go5 9l6 927 934 +39 go4 9l7 926 935 - 39 go4 9l6 927 935 + 
39 qo5 9l7 924 936 -39 qo4 9l7 925 936 -39 qo5 9l4 927 936+39 ?04 9l5 927 936 - 39 go5 9l6 924 937+ 

39 go4 9i6 925 937+39 go5 9m 926 937 -39 qo4 915 926 937+460 go5 9i7 926 944 -460 go5 9i6 927 944- 
1175799 qi7 g26 935 944+1175799 q^ ^27 935 944 -5 1 90 go5 9i7 936 944+1175 7 99 qn ^25 936 944+ 
35826 go5 927 936 944-1175 7 99 gis ^27 936 944 +5 190 go5 9i6 937 944-1175 7 99 q^ ^25 937 944- 
35826 qo5 926 937 944 + 1175 7 99 ^15 ^26 937 944 + 9o7 (-3 (926 935 - 925 936) (13 914 - 
11942^44) + 

gi6 (-39 ^25 934 + 39 ^24 935 + 460 ^25 944 - 5190 ^35 ^44)+ 

915 (39 g26 934 - 39 ^24 936 - 460 ^26 944 + 5190 944)) + 

9o6 (3 (927935-925 937) (13gi4-11942g44)+gi7 (39^25 934 - 39 ^24 935 -460 ^25 944+ 
5190 gas 544) + gi5 (-39 527 934 + 39 ^24 937 + 460 ^27 944 - 5190 ^37 ^44)) 

Y35 — 96 {qo3 qn q2e 935—903 9i6 927 935 +905 9i7 923 936 — 903 9i7 925 936 — 9o5 9i3 927 936 

+903 915 927 936+907 (9l6 923 935 -913 926 935 -915 923 936 +9X3 925 936)-905 9l6 923 937+ 
903 916 925 937 + 905 9l3 926 937 - 903 9l5 926 937 + 906 (-(9l7 923 935) + 9l3 927 935 
+9l5 923 937 - 9l3 925 93?)) 944, 

(^■^^"')36 = S where 

^36 = 3 (6 ^05 917 926 934 - 6 9o5 9l6 927 934 - 6 9o4 9l7 926 935 + 6 904 9l6 927 935 - 

6 905 9i7 924 936+6 qo4 9i7 925 936+6 qo5 qu 927 936 -6 qo4 qi^ ^27 936+6 go5 9i6 924 937- 

6 904 9l6 925 937-6 go5 9l4 926 937 +6 go4 9l5 926 937-140 go5 9l7 926 944 + 140 go5 9l6 927 944+ 

43359 qi7 g26 935 944 -43 3 59 qia 527 935 944+1758 go5 9i7 936 944 -43 3 59 qu ^25 936 944- 
12810 qo5 927 936 944+43 3 59 gi5 ^27 936 944-1758 go5 9i6 937 944 +43 3 59 qiQ 525 937 944+ 
12810 qo5 q2Q 937 944-43359 qi5 ^26 937 944 +2 go7 (3 (926 935-925 936) (9i4-2135 544) + 

916 (3 925 934 - 3 g24 935 - 70 g25 944 + 879 ^35 ^44) + 
9i5 (-3 926 934 + 3 g24 936 + 70 g26 944 - 879 q^e 944))+ 
2 9o6 (-3 (927 935 - 925 937) (914 - 2135 544)+ 
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Qn (-3 525 934 + 3 ^24 935 + 70 525 ^44 " 879 544) + 5i5 (3 527 ^34 " 3 524 ^37 

-70 527 544 + 879 537 544))) 

I36 = 32 (503 5i7 526 535—903 QI6 Q27 935+905 9l7 923 936 — 903 9l7 925 936 —905 9l3 927 936+ 
903 5l5 927 536+907 {Qw 523 535" 5l3 526 935 — 915 923 936+913 925 936)— 905 9l6 923 937+ 
903 9l6 925 937 + 905 9l3 926 937 " 903 9l5 926 937 + 
906 (-(9l7 923 935) + 9l3 927 935 + 9l5 923 937 - 9l3 925 937)) 944, 

(M-i)*37 = ^ where 

^37 = -3 (2 5o5 5i7 926 934 - 2 5o5 5i6 527 934 - 2 5o4 5i7 926 935 + 2 5o4 5i6 927 935- 
2 905 9i7 924 936 +2 5o4 5i7 925 936 + 2 5o5 5i4 527 936 -2 5o4 5i5 927 936 +2 5o5 5i6 524 937- 

2 904 9l6 925 937-2 5o5 5i4 526 937 +2 5o4 5l5 926 937 - 52 5o5 5i7 526 544+ 52 5o5 5i6 527 944 + 

17913 5i7 526 535 544-179 13 516 527 935 944+690 505 5i7 936 944-179 13 517 525 536 944- 

5190 5o5 527 936 944 + 179 1 3 515 527 536 544 -690 505 5l6 937 944+179 13 516 525 937 544 + 

5190 5o5 526 937 944-179 1 3 515 526 537 944 +2 507 ((526 535-925 936) (914-2595 544)+ 

9l6 (925 934 - 924 935 - 26 525 544 + 34 5 535 544) + 

9i5 (-(926 934)+924 936 + 26 526 544 - 34 5 536 544))+2 506 (-((927 935-925 937) (914- 

2595544)) 

+9l7 (-(925 934) + 924 935 + 26 525 544 - 34 5 535 544) + 
9l5 (927 934 - 924 937 " 26 527 544 + 34 5 537 544))) 

Y37 = 16 (503 5i7 526 535 — 903 9l6 927 935 +905 9l7 923 936 — 903 9l7 925 936 — 905 9l3 927 936+ 
903 9l5 927 936+907 (9l6 923 935 — 9l3 926 935 — 9l5 923 936 +9l3 925 936)— 905 9l6 923 937+ 
903 9l6 925 937 + 905 9l3 926 937 — 903 9l5 926 937+ 
906 (-(917 923 935) + 913 927 935 + 9l5 923 937 - 9l3 925 937)) 944, 

(M-^)*o = ^ where 

-^^50 = —(907 9l0 923 936) + ( — 1 + 9oo) 9l7 923 936 + 903 9l0 927 936 + 9l3 927 936 — 
900 9l3 927 936 +906 9l0 923 937 +916 923 937 — 900 9l6 923 937 — 903 9lO 926 937 — 9l3 926 937 + 
900 9l3 926 937 

^50 = -(903 9l7 926 535)+503 5l6 927 935 - 905 9l7 923 936+903 9l7 925 936+905 9l3 927 936- 

503 515 927 53(i+507 (-(9l(i 923 93r.)+9l3 926 935+915 923 936-913 925 936)+905 9l6 923 937- 
903 9l6 925 937 - 905 9l3 926 937 + 903 9l5 926 937 + 906 (9l7 923 935 - 9l3 927 935- 
9l5 923 937 + 913 925 937), 

(M-i)li = ^ where 

-^^51 = 901 9l7 923 936 +907 (9l3 921+923 —911 923) 936 —901 9l3 927 936 — 906 9l3 921 937 — 
906 923 937 + 906 9ll 923 937 - 901 9l6 923 937 + 901 9l3 926 937 + 903 (-(9l7 921 936) + 
(-1 + 511) 527 536 + (9I6 921 + 926 - 9ll 926 ) 937) 

^51 = -(903 917 926 935)+903 9l6 927 935 - 905 9l7 923 936 +903 9l7 925 936 +905 9l3 927 936- 
903 915 927 936+907 (-(9l6 923 935)+9l3 926 935 +915 923 936 - 913 925 936)+905 9l6 923 937- 
903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937 + 906 (9l7 923 935 — 9l3 927 935 — 
9l5 923 937 + 913925937), 
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(^"')52 = § where 

^52 = -2 qo2 qi7 q23 q36 + q07 {qi3 - 2 gi3 ^22 + 2 qi2 ?23) ?36 + 2 ?02 ?13 ?27 ?36 " 
q06 qn 937 + 2 go6 ?13 ?22 937 " 2 go6 9l2 923 937 + 2 902 9l6 923 937 " 2 g'o2 9l3 926 937 + 

903 (9i7 (-1 + 2 g22) 936 - 2 912 927 936 + 9i6 937 - 2 9i6 922 937 + 2 9i2 926 937) ^52 = 

2 (903 9l7 926 935 — 903 9l6 927 935 + 905 9l7 923 936 — 903 9l7 925 936 — 905 9l3 927 936 + 
903 9l5 927 936+907 (9l6 923 935" 9l3 926 935" 9l5 923 936 +9l3 925 936)" 905 9l6 923 937+ 
903 9l6 925 937+ 

905 913 926 937 - 903 915 926 937 + 906 ("(917 923 935) + 913 927 935 + 915 923 937 " 

913 925937)), 

(^^"')53 = where 

-^^53 = — (9079I6923) + 906 917 923 + 907 913 926 " 903 9l7 926 " 906 9l3 927 + 
903 9l6 927 

YbS = 6 (-(903 9l7 926 935) + 903 9l6 927 935 - 905 9l7 923 936 + 903 9l7 925 936 + 

905 9l3 927 936 

-903 9l5 927 936+907 (-(9l6 923 935)+9l3 926 935 +9l5 923 936 - 9l3 925 936)+905 9l6 923 937" 

903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937 + 906 (9l7 923 935 " 9l3 927 935" 

915 923937 + 913925937)), 

(M-^)|4 = ^ where 

-^54 = —(903917926934) + 903 916 927 934 — 904 917 923 936 + 903 9l7 924 936 + 

904 913 927 936 - 903 914 927 936 + 907 (-(9l6 923 934) + 9l3 926 934 + 9l4 923 936 " 

9l3 924 936)+904 9l6 923 937 — 903 9l6 924 937 —904 9l3 926 937+903 9l4 926 937+906 (9l7 923 934 — 

913 927 934 — 

914 923 937 + 9l3 924 93?) 

F54 = 24 {qo3 9i7 926 935-903 9l6 927 935 +905 9l7 923 936 - 903 9l7 925 936 -905 9l3 927 936 
+903 9l5 927 936+907 (9l6 923 935 — 9l3 926 935 — 9l5 923 936+9l3 925 936)— 905 9l6 923 937+ 
903 916 925 937 + 905 9l3 926 937 - 903 9l5 926 937+ 

906 (-(9l7 923 935) + 913 927 935 + 9l5 923 937 - 9l3 925 937)) 944, 

(M-i)*5 = ^ where 

X55 = 39 ^03 9l7 926 934 -39 ^03 916 927 934+39 qo4 9l7 923 936 - 39 ^03 917 924 936- 

39 9o4 9i3 927 936+39 qos 9i4 927 936-39 qo4 916 923 937+39 ?03 9i6 924 937+39 qo4 913 926 937- 

39 go3 9i4 926 937 - 460 go3 9i7 926 944 + 460 go3 9i6 927 944 + 5190 go3 9i7 936 944 - 

1175 7 9 9 917 923 936 944 -3 5 8 26 go3 927 936 944+1175 7 99 gi3 ^27 936 944 -5 1 90 go3 9i6 937 944+ 

1175799 qi6 ^23 937 944 +35 8 26 go3 926 937 944-1175 7 99 513 ^26 937 944 +9o7 (-39 q^ ^23 936+ 

916 923 (39 qu - 460 q^) + 35826 §23 936 944+ 

9i3 (-39 g26 934 + 39 g24 936 + 460 g26 944 - 5190 q^e qu)) + 9o6 (3 923 937 (13 914 - 
11942 544) + 

917 923 (-39 934 + 460 944) + 9i3 (39 527 934-39 ^24 937 - 460 ^27 944+5190 ^37 ^44)) 
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Ybb = 96 (g03 qi7 ^26 q35-q03 QW 927 935+^05 523 qSQ-QoS 5l7 ^25 536-505 5l3 527 536 + 
503 5l5 527 536+507 (5l6 523 535" 5l3 526 535" 5l5 523 536+5l3 525 536)" 505 5l6 523 537+ 
503 5l6 525 537 + 505 5l3 526 537 " 503 5l5 526 537+ 
506 (-(5l7 523 535) + 513 527 535 + 5l5 523 537 " 5l3 525 537)) 544, 

(M-i)*6 = ^ where 

-^^56 = 3 (-6 go3 5l7 526 534 + 6 go3 5l6 527 534 - 6 go4 5l7 523 536 + 6 503 5l7 524 536 
+6 504 5l3 527 536 -6 qo3 qu 527 536+6 go4 5l6 523 537 - 6 go3 5l6 524 537 -6 5o4 5l3 526 537+ 

6 503 514 526 537 + 140 go3 5l7 526 544 - 140 go3 5l6 527 544 - 1758 go3 517 536 544 + 

43359 qi7 gss 536 544+128 1 go3 527 536 544 -43 3 59 gig ^27 536 544+1758 gos 5i6 537 544- 

43359 gi6 523 537 544-128 10 go3 526 537 544 +43 3 59 qis gae 537 544+2 go7 (3 gas g36 (514- 

2135 qu) + 5i6 523 (-3 534 + 70 g44) + 

5l3 ( 3 526 534 - 3 g24 g36 - 70 g26 g44 + 879 g36 544)) + 

2 5o6 (-3 523 537 (514 - 2135 qu) + qn g23 (3 q^^ - 70 g44)+ 

5l3 (-3 527 534 + 3 g24 g37 + 70 g27 g44 - 879 g37 qu))) 

^56 = 32 (go3 gi7 g26 g35 — 503 5l6 527 535 + 505 5l7 523 536 — 503 5l7 525 536 — 
505 5l3 527 536+503 5l5 527 536+507 (5l6 523 535 — 513 526 535 —515 523 536+513 525 536) — 

505 5l6 523 537 + 503 5l6 525 537 + 505 5l3 526 537 — 503 5l5 526 537+ 

506 (-(5l7 523 535) + 5l3 527 535 + 5l5 523 537 - 5l3 525 537)) 544, 

(M-^)*7 = ^ where 

-^^57 — —3 (—2 go3 5i7 526 534+2 go3 gi6 527 534— 2 go4 gi7 g23 536+2 go3 gi7 g24 536+ 

2 504 5l3 527 536 -2 go3 gi4 527 536+2 go4 5l6 523 537 - 2 go3 gi6 524 537 -2 go4 5l3 526 537+ 

2 5o3 5i4 526 537 +52 go3 gi7 526 544 - 52 go3 gie g27 g44-690 go3 gi7 gse g44+17913 g^ g23 536 544+ 
5190 go3 g27 536 544-179 1 3 gi3 g27 gse g44+690 go3 gie 537 544-17913 gie g23 537 544- 
5190 go3 g26 537 544+179 13 gi3 g26 g37 544 +2 go7 (g23 g36 (gi4-2595 g44)-5i6 523 (534- 
26g44) + 

5i3 (526 534 - 521 536 - 26 g26 544 + 345 g36 544))+ 

2 5o6 (-(523 537 (514 - 2595 g44)) + gi7 523 (534 - 26 g44) + 

5i3 (-(527 534) + 524 537 + 26 g27 g44 - 345 g37 g44))) 

Y57 = 16 (go3 gi7 g26 535—503 5l6 527 535 +505 5l7 523 536 — 503 5l7 525 536 —505 5l3 527 536 
+503 5l5 527 536+507 (5l6 523 535 — 5l3 526 535 — 5l5 523 536+5l3 525 536)— 505 5l6 523 537+ 
503 5l6 525 537 + 505 5l3 526 537 — 503 5l5 526 537+ 
506 (-(5l7 523 535) + 513 527 535 + 5l5 523 537 - 5l3 525 537)) 544, 

(M-i)*o = ^ where 

^60 = -(507 5l0 523 535) + (-1 + 500) 5l7 523 535 + 503 5lO 527 535 + 5l3 527 535 - 
500 5l3 527 535 +505 5l0 523 537+515 523 537 — 500 5l5 523 537 — 503 5lO 525 537 — 5l3 525 537+ 
500 5l3 525 537 
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^60 — 103 In 926 935—^03 1l& Q27 Qsb+QOb Ql7 Q23 QSQ — QOS Ql7 Q25 Q36—Q05 Ql3 Q27 ^36 + 
Q03 Ql5 Q27 936+907 (9l6 923 935" 9l3 926 935" 9l5 923 936+9l3 925 936)" 905 9l6 923 937+ 
903 9l6 925 937 + 905 9l3 926 937 " 903 9l5 926 937+ 
906 (-(9l7 923 935) + 913 927 935 + 9l5 923 937 " 9l3 925 937), 

= ^ where 

^61 — 901 9l7 923 935 +907 (9l3 921+923 —911 923) 935—901 9l3 927 935 — 905 9l3 921 937 — 

905 923 937 + 905 9ll 923 937 - 901 9l5 923 937 + 901 9l3 925 937 + 903 (-(9l7 921 935) + 

(-1 + gii) g27 935 + (915 921 + 925 - 9ii 925) 93?) 

^61 = 903 9l7 926 935 — 903 9l6 927 935 +905 9l7 923 936 — 903 9l7 925 936 — 905 9l3 927 936 + 
903 9l5 927 936 +907 (9l6 923 935 -9l3 926 935 -9l5 923 936 +9l3 925 936) -905 9l6 923 937+ 
903 9l6 925 937 + 905 9l3 926 937 — 903 9l5 926 937+ 

906 (-(917 923 935) + 913 927 935 + 9l5 923 937 - 9l3 925 937), 

(^"')62 = ft where 

^62 = -2 902 9l7 923 935 + 907 (9l3 - 2 9l3 922 + 2 9i2 923) 935 + 2 902 9l3 927 935 - 

905 9l3 937 + 2 905 9l3 922 937 — 2 905 9l2 923 937 + 2 902 9l5 923 937 — 2 902 9l3 925 937 + 

903 (917 (-1 + 2 922) 935 - 2 9i2 927 935 + 9i5 937 - 2 9i5 922 937 + 2 9i2 925 937) 

^62 = 2 (—(903 9l7 926 935) + 903 9l6 927 935 — 905 9l7 923 936 + 903 9l7 925 936 
+905 913 927 936 - 903 9l5 927 936 + 907 (-(9l6 923 935) + 9l3 926 935 + 9l5 923 936 - 
9l3 925 936) + 905 9l6 923 937 — 903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937 + 

906 (917 923 935 - 913 927 935 - 9l5 923 937 + 9l3 925 937)), 

(M-i)*3 = ft where 

^63 = 907 9l5 923 — 905 9l7 923 — 907 9l3 925 + 903 9l7 925 + 905 9l3 927 — 903 9l5 927 
>63 = 6 (-(903 917 926 935) + 903 916 927 935 - 905 9l7 923 936 + 903 9l7 925 936 + 

905 9l3 927 936 - 903 9l5 927 936 + 907 (-(9l6 923 935) + 9l3 926 935 + 9l5 923 936 - 
9l3 925 936) + 905 9l6 923 937 — 903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937+ 

906 (917 923 935 - 913 927 935 - 9l5 923 937 + 9l3 925 937)), 

(M-i)^4 = ft where 

^64 — —(903917925934) + 903 915 927 934 — 904 9l7 923 935 + 903 9l7 924 935 + 

904 913 927 935 - 903 914 927 935 + 907 (-(9l5 923 934) + 913 925 934 + 9l4 923 935 - 
9l3 924 935) + 904 9l5 923 937 — 903 9l5 924 937 — 904 9l3 925 937 + 903 9l4 925 937+ 

905 (917 923 934 — 9l3 927 934 — 9l4 923 937 + 9l3 924 93?) 

F64 = 24 (-(go3 9l7 926 935) + 903 9l6 927 935 - 905 9l7 923 936 + 903 9l7 925 936 
+905 9l3 927 936 - 903 9l5 927 936 + 907 (-(9l6 923 935) + 9l3 926 935 + 9l5 923 936 - 
9l3 925 936) + 905 9l6 923 937 — 903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937+ 

906 (917 923 935 - 913 927 935 - 9l5 923 937 + 9l3 925 937)) 944, 
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(M-i)*5 = ^ where 

= -39 qo3 qi7 ^25 534+39 qo3 qi5 ^27 ?34-39 qo4 qn ?23 535+39 qos qn ?24 ^35+ 

39 go4 gi3 527 ?35 -39 gos QU ?27 ^35+39 go4 giS ^23 ^37 -39 gos gi5 ^24 537-39 504 qi3 ?25 537+ 

39 qo3 qu ^25 937 + 460 go3 Qn ^25 ^44 - 460 go3 qi5 927 ^44 - 5190 qos qn qsr, Qaa + 
1175799 qn ^23 ^35 ^44+35826 gos ^27 944-1175799 ^13 ^27 935 944+5190 go3 9i5 937 944- 
1175799 g23 937 944 -35 8 26 go3 925 937 944+1175799 ^13 ^25 937 944 +9o7 (3 923 935 (13 gu- 
ll 942 544)+ 

9i5 923 (-39 934+46 944)+9i3 (39 ^25 934-39 ^24 935-460 ^25 944+5190 535 944))+ 

905 (-39 gi4 923 937 + 9i7 923 ( 39 ^34 - 460 ^44) + 35826 523 937 944+ 
9i3 (-39 g27 934 + 39 g24 937 + 460 ^27 944 - 5190 ^37 ^44)) 

F65 = 96 (go3 9l7 926 935-903 9l6 927 935 +905 9l7 923 936 - 903 9l7 925 936 -905 9l3 927 936 + 
903 915 927 936+907 (9l6 923 935 -913 926 935 -915 923 936+913 925 936) -905 9l6 923 937+ 
903 9l6 925 937 + 905 9l3 926 937 " 903 9l5 926 937+ 

906 (-(9l7 923 935) + 9l3 927 935 + 9l5 923 937 " 9l3 925 937)) 944, 

(M-^)*g = ^ where 

Xqq = 3 (6 go3 9i7 925 934 - 6 9o3 9i5 927 934 + 6 9o4 9i7 923 935 - 6 9o3 9i7 924 935- 

6 904 9l3 927 935 +6 503 9l4 927 935 - 6 504 9l5 923 937+6 ^03 ^15 ^24 937+6 5o4 9l3 925 937" 

6 9o3 9i4 925 937 - 140 go3 qn 925 944 + 140 ^93 ^15 527 944 + 1758 go3 9i7 935 944 - 
43359 qn 923 935 944-128 1 go3 927 935 944 +43 3 59 gi3 527 935 944-1758 593 515 537 qu+ 
43359 gi5 523 937 944+128 1 593 525 937 944-43359 513 525 937 944+ 2 597 (-3 523 935 (914- 
2135 544) + 523 (3 934 - 70 544) + 

9i3 (-3 925 934+3 524 935 +70 525 544 - 87 9 535 544))+2 5o5 (3 523 537 (514-2135 544) + 

5l7 523 (-3 534 + 70 544) + 5i3 (3 527 534 - 3 524 537 - 70 527 544 + 87 9 537 544))) 

= 32 (go3 qn 926 935-903 9l6 927 935 +905 9l7 923 936 - 903 9l7 925 936-905 9l3 927 936+ 
903 9l5 927 936 +907 (9l6 923 935^913 926 935—915 923 936+913 925 936)^905 9l6 923 937+ 
903 916 925 937 + 905 9l3 926 937 - 903 9l5 926 937 + 906 (-(9l7 923 935) + 9l3 927 935 + 
915 923 937 - 913 925 937)) 944, 

(M-i)*7 = where 

Xe7 = 3 (-2 go3 q^ ,725 934 + 2 ^93 (715 ^27 934-2 ^94 q^ ^23 935+2 ^93 q^ ^24 935+ 

2 904 9l3 927 935-2 593 ^27 935 +2 ^94 ^15 ^23 937 - 2 ^93 ^15 ^24 937-2 ^94 ^13 ^25 937 + 

2 5o3 5i4 525 537+52 5o3 qn 525 544-52 ^93 0-15 527 544-690 593 5i7 535 544+1791 3 517 523 535 544+ 
5190 5o3 527 535 544-17913 513 527 535 544+690 593 515 537 544-17913 515 523 537 544- 
5190 5o3 525 537 544+17913 513 525 537 544+2 597 (523 535 (5i4-2595 544) -5i5 523 (534- 

26544) + 

9i3 (925 934 - 924 935 - 26 525 544 + 34 5 535 544) ) + 2 595 ( - (923 937 (914 - 2595 544) ) + 

9l7 923 (934 - 26 544) + 5l3 (-(927 934) + 924 937 + 26 527 544 - 34 5 537 544))) 

Yqj — 16 (593 5i7 526 935—903 9l6 927 935 +905 9l7 923 936 — 903 9l7 925 936 — 905 9l3 927 936 
+903 9l5 927 936 +907 (9l6 923 935 — 9l3 926 935 — 9l5 923 936+9l3 925 936)— 905 9l6 923 937+ 
903 9l6 925 937 + 905 9l3 926 937 — 903 9l5 926 937+ 



38 



906 (-(^17 ?23 535) + gi3 527 ^35 + 9l5 ^23 ?37 " ?13 ^25 ^37)) ^44, 

(M-i)*o = ^ where 

^70 = — (Q'23 Q'3r5 (—(910 (9O6 923 935 — Q03 926 935 " 905 923 936 + 903 925 936)) + 
(-1 + goo) (9I6 923 935 - 913 926 935 - 915 923 936 + 9l3 925 936)) 

^70 = (9I6 923 935 — 9l3 926 935 — 9l5 923 936 + 9l3 925 936) 
X (907 923 935 — 903 927 935 " 905 923 937 + 903 925 937) " 
(9O6 923 935 ~ 903 926 935 ~ 905 923 936 + 903 925 936) 
X (917 923 935 - 913 927 935 " 9l5 923 937 + 9l3 925 937)), 

= ^ where 

^71 = -(-((913 921 + 923 - 9ll 923) 935 (9O6 923 935 " 903 926 935 " 905 923 936 + 
903 925 936)) 

+ (903 921 - 901 923) 935 (9I6 923 935 " 9l3 926 935 - 9l5 923 936 + 9l3 925 936) 

^71 = -((9I6 923 935 - 9l3 926 935 " 9l5 923 936 + 9l3 925 936) 
X (907 923 935 - 903 927 935 " 905 923 937 + 903 925 937)) + 

(9O6 923 935 — 903 926 935 — 905 923 936 + 903 925 936) 
X (917 923 935 - 9l3 927 935 " 9l5 923 937 + 9l3 925 937)), 

(M-i)*2 = ^ where 

^72 = -(935 (-((913 (-1+2 922)-2 912 923) (9O6 923 935 -903 926 935 -905 923 936 + 
903 925 936)) + (903 (-1 + 2 922) - 2 902 923) (9I6 923 935 - 9l3 926 935 - 9l5 923 936 + 
913 925 936))) 

F72 = 2 (-((916 923 935 - 9l3 926 935 - 9l5 923 936 + 9l3 925 936) (907 923 935 - 

903 927 935 — 

905 923 937 + 903 925 937)) + (906 923 935 - 903 926 935 - 905 923 936 + 903 925 936) 
X (917 923 935 - 913 927 935 - 9l5 923 937 + 9l3 925 937)), 

(M-i)*3 = ^ where 

-^73 = —(9O6 915923) + 905 916 923 + 906 913 925 — 903 9l6 925 — 905 9l3 926 + 
903 9l5 926 

Y73 = 6 (-(903 917 926 935) + 903 916 927 935 - 905 9l7 923 936 + 903 9l7 925 936+ 

905 913 927 936 - 903 915 927 936 + 907 (-(9l6 923 935) + 913 926 935 + 915 923 936 - 
9l3 925 936) + 905 9l6 923 937 — 903 9l6 925 937 — 905 9l3 926 937 + 903 9l5 926 937+ 

906 (917 923 935 - 9l3 927 935 - 9l5 923 937 + 9l3 925 937)), 

(M-^)*74 = ^ where 

^74 = -(-((915 923 934 - 9l3 925 934 - 9l4 923 935 + 9l3 924 935) 

X (9O6 923 935 - 903 926 935 - 905 923 936 + 903 925 936)) + 
(905 923 934 - 903 925 934 - 904 923 935 + 903 924 935) 
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X (?16 923 935 - qi3 926 935 " 9l5 923 936 + 9l3 925 936)) 

Y74 = 24 (-((916 923 935 - 9l3 926 935 " 9l5 923 936 + 9l3 925 936) 
X (907 923 935 - 903 927 935 " 905 923 937 + 903 925 937)) + 

(9O6 923 935 — 903 926 935 — 905 923 936 + 903 925 936) 

X (917 923 935 - 9l3 927 935 " 9l5 923 937 + 9l3 925 937)) 944, 

(M-^)^5 = ^ where 

X75 = 39 qo3 9i6 925 934 -39 503 9i5 926 934+39 go4 9i6 923 935-39 503 9i6 924 935- 
39 go4 9i3 926 935 +39 go3 9m 926 935 -39 go4 9i5 923 936 +39 go3 9i5 924 936 + 39 go4 9i3 925 936- 
39 go3 9i4 925 936 - 460 go3 9i6 925 944 + 460 go3 9i5 926 944 + 5 190 go3 9i6 935 944 - 
1175799 qi6 ^23 935 944 -35 8 26 go3 926 935 944+1175799 ^13 ^26 935 944 -5 1 90 go3 9i5 936 944+ 
1175799 gi5 ^23 936 944+35826 qo3 925 936 944-1175799 gi3 ^25 936 944+9o6 (-39 qu 923 935+ 
9i5 923 (39 g34 - 460 qu) + 35826 ^23 935 944+ 
9i3 (-39 g25 934 + 39 ^24 935 + 460 ^25 944 - 5 1 90 ^35 944)) + 
9o5 ( 3 923 936 (13 qu - 11942 ^44) + gig 923 (-39 ^34 + 460 ^44)+ 

9l3 (39 526 934 - 39 ^24 936 - 460 526 944 + 5 190 536 944)) 

I75 = 96 (503 917 926 935 - 903 916 927 935 + 905 917 923 936 - 903 9l7 925 936- 
905 913 927 936+903 9l5 927 936+907 (9l6 923 935 - 913 926 935 -915 923 936+913 925 936)- 

905 9l6 923 937 + 903 9l6 925 937 + 905 9l3 926 937 — 903 9l5 926 937+ 

906 (-(9l7 923 935) + 9l3 927 935 + 9l5 923 937 - 9l3 925 937)) 944, 

(M-i)*6 = ^ where 

^76 = 3 (-6 5o3 9l6 925 934 + 6 503 9l5 926 934 - 6 5o4 9l6 923 935 + 6 903 9l6 924 935 

+ 6 904 9l3 926 935-6 503 9l4 926 935 +6 5o4 5l5 923 936 - 6 5o3 5l5 924 936 -6 5o4 5l3 925 936+ 
6 903 914 925 936 + 140 503 516 925 944 - 140 503 515 526 544 - 175 8 503 516 935 944 + 

43359 5i6 523 935 944+128 1 503 526 935 944-43359 513 526 535 544+1758 503 5i5 936 944- 
43359 5i5 523 936 944-128 10 503 925 936 944+43359 513 525 936 944+2 506 (3 523 935 (914- 
2135 544) + 9i5 923 (-3 934 + 70 544) + 

9l3 ( 3 925 934 - 3 524 535 " 70 525 544 + 87 9 535 544)) + 

2 5o5 (-3 523 936 (914 - 2135 544) + 5i6 923 (3 934 - 70 544)+ 

9l3 (-3 926 934 + 3 524 536 + 70 526 544 - 8 7 9 536 544))) 

YjQ — 32 (503 5i7 526 935 — 903 9l6 927 935 + 905 9l7 923 936 — 903 9l7 925 936 — 
905 9l3 927 936+903 9l5 927 936+907 (9l6 923 935 — 9l3 926 935 — 9l5 923 936+9l3 925 936) — 

905 9l6 923 937 + 903 9l6 925 937 + 905 9l3 926 937 — 903 9l5 926 937+ 

906 (-(917 923 935) + 913 927 935 + 9l5 923 937 - 9l3 925 937)) 944, 

(M-i)*7 = ^ where 

X77 = -3 (-2 5o3 5i6 525 934+2 5o3 5i5 526 934 - 2 504 9l6 923 935 +2 5o3 5i6 924 935+ 

2 904 9l3 926 935-2 5o3 5i4 526 935 +2 5o4 5l5 923 936 - 2 5o3 5i5 524 536 -2 5o4 5l3 925 936 + 

2 903 9l4 925 936+52 5o3 5l6 925 944-52 5o3 5l5 926 944 - 69 5o3 5l6 935 944+1791 3 5i6 523 935 944+ 
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5190 qo3 q26 Qsb ^44- 17913 ^13 ^26 935 ^44+690 go3 qi5 936 944-17913 523 936 944" 

5190 ^03 925 936 944+179 13 qi3 q25 936 944+2 go6 (923 935 (914-2595 944) -9i5 923 (934- 

26^44) + 

9i3 (925 934 - 924 935 - 26 525 944 + 345 544) ) + 2 9o5 ( - (923 936 (914 - 2595 544) ) + 

9l6 923 (934 - 26 544) + 513 (-(926 934) + 924 936 + 26 526 544 - 34 5 536 544))) 
>77 = 16 (503 9l7 926 935 - 903 9l6 927 935 + 905 9l7 923 936 - 903 9l7 925 936- 
905 9l3 927 936+903 9l5 927 936+907 (9l6 923 935 — 9l3 926 935 — 9l5 923 936+9l3 925 936) — 

905 9l6 523 937 + 903 9l6 925 937 + 905 9l3 926 937 — 903 9l5 926 937+ 

906 (-(917 923 935) + 913 927 935 + 9l5 923 937 - 9l3 925 937)) 944, 
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In the above expressions for (M ^)*, the non-zero 5^^s, < i < 4, < j < 
7, are given by: 
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The matrix (M~^)* is non-singular as the determinant is non-zero. 
Prom the above the matrix M is found to be as given in 2. 



B Monodromy around z = oo 

In this appendix we give the details on the evaluation of the monodromy 
matrix around z ^ oo. The non-zero entries of the 8x5 matrix Aai{oo) with 
a = 0, 7 i = 1, 5 for ;z — > oo, are given below: 
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"The determinant is given by: | where P = ^^'^If^olf^' and Q = \/2 7r'' (8 (-7i 
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Given that {Tu)ij = e 3 Sij, no sum over i, one sees that the equation 
(41) becomes: 



(no sum over j) which needs to be solved for T„b(oo). MATHEMATICA 
is unable to perform the required computation - however, it is in principle, 
doable. 

References 

[1] K. Hori and C. Vafa, Mirror symmetry, arXiv:hep-th/0002222. 

[2] A. Misra, On (orientifold of) type IIA on a compact Calabi-Yau, Fortsch. 
der Physik, 52 (2004), arXiv:hep-th/0304209. 

[3] A. Misra, An N — 1 triality by spectrum matching, to appear in Int. Jour. 
Mod. Phys. A, arXiv:hep-th/0212054. 

[4] M. Bodner, A. C. Cadavid and S. Ferrara, (2,2) Vacuum Configurations 
For Type lia Superstrings: N—2 Supergravity Lagrangians And Algebraic 
Geometry, Class. Quant. Grav. 8 (1991) 789. 

[5] C. Vafa and E. Witten, Dual string pairs with N — 1 and N—2 super- 
symmetry in four dimensions, Nucl. Phys. Proc. Suppl. 46, 225 (1996) 
[arXiv:hep-th/9507050]. 

[6] S. Kachru and C. Vafa, Exact results for N—2 compactifications of het- 
erotic strings, Nucl. Phys. B 450, 69 (1995) [arXiv:hep-th/9505105]. 

[7] E. Witten, Phases of N = 2 theories in two dimensions, Nucl. Phys. B 
403, 159 (1993) [arXiv:hep-th/9301042]. 

[8] B. R. Greene and C. I. Lazaroiu, Collapsing D-branes in Calabi-Yau 
moduli space. I, Nucl. Phys. B 604, 181 (2001) [arXiv:hep-th/0001025] 

[9] S. Hosono, A. Klemm, S. Theisen and S. T. Yau, Mirror symmetry, mir- 
ror map and applications to Calabi- Yau hypersurfaces, Commun. Math. 
Phys. 167 (1995) 301 [arXiv:hep-th/9308122]. 

[10] D. R. Morrison, Picard-Fuchs equations and mirror maps for hypersur- 
faces, arXiv:hep-th/9111025. 



e 




(B2) 



45 



[11] E. Witten, Non-Perturbative Superpotentials In String Theory, Nucl. 
Phys. B 474, 343 (1996) [arXiv:hep-th/9604030]. 

[12] D. E. Diaconescu, B. Florea and A. Misra, Orientifolds, unori- 
ented instantons and localization, JHEP 0307, 041 (2003) [arXivrhep- 
th/0305021]. 

[13] C. Vafa, Topological Landau- Ginzburg Models, Mod. Phys. Lett. A 6, 
337 (1991). 

[14] S. Kachm, M. B. Schulz and S. Trivedi, Moduli stabilization from fluxes 
in a simple IIB orientifold, [arXiv:hep-th/0201028]. 

[15] J. Louis, J. Sonnenschein, S. Theisen and S. Yankiclowicz, Non- 
perturhaMve properties of heterotic string vacua compactified on K3xT^, 
Nucl. Phys. B 480, 185 (1996) [arXiv:hcp-th/9606049]. 

[16] G. L. Cardoso, G. Curio, D. Lust and T. Mohaupt, Instanton Numbers 
and Exchange Symmetries in N = 2 Dual String Pairs, Phys. Lett. B 
382, 241 (1996) [arXiv:hep-th/9603108].]. 

[17] G. Aldazabal, A. Font, L. E. Ibanez and F. Quevedo, 'Chains of N=2, 
D=4 heterotic/type II duals, NucL Phys. B 461, 85 (1996) [arXiv:hep- 
th/9510093]. 

[18] G.L.Cardoso, G. Curio, G.Dall'Agata, D.Liist, P.Manoussehs and 
G.Zoupanos, Non-Kdhler Backgrounds and Their Five Torsion Classes, 
NucL Phys. B652 (2003) 5 [hep-th/0211118]; S.Gueieri, J.Louis, Micu 
and D.Waldram, Mirror Symmetry in Generalized Calabi-Yau Com- 
pactifications, Nucl. Phys. B654 (203), 61 [hep-th/0211102]; K.Bcckcr, 
M.becker, K.Dasgupta and P.S.Green. Compactifications of Heterotic 
Theory on Non-Kdhler Complex Manifolds: I, JHEP 0304(2003) 007 
[hep-th/0301161]; K.becker and K.Dasgupta, Heterotic Strings with Tor- 
sion, JHEP 0211 (2002) 006[hep-th/0209077]. 



46 



